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ECCRTNE POROMA
HISTOCHEMICAL AND ELECTRON MICROSCOPIC STUDIES*
KEN HASHIMOTO, M.D. AND WALTER F. LEVER, M.D.
Eccrine poroma was first described in 1956
by Pinkus and coworkers (1) as a definite
histopathological entity. They thought that it
represented an abnormal growth of the nero-
syringium, i.e., the epidermal sweat duct unit.
In the cases reported so far (2—9) the following
features have been described: (1) The tumor
occurs predominantly on the palms and soles;
(2) the tumor often contains lumina which are
lined, similar to the lumina of the normal acro-
syringium, by a PAS-positive, diastasc-resistant
cuticle; (3) the tumor cells possess intercellular
bridges but are smaller than the squamous cells
of the epidermis; (4) they do not contain
melanin but contain considerable amounts of
glycogen; and (5) the nuclei of the tumor cells
show dispersed chromatin granules rather than
a single large nucleolus, which characterizes
squamous cells. All the above mentioned char-
acteristics are those of the poral epithelium
which comprises the second or outer cellular
layer of the acrosyringium. For this reason it
has been generally assumed that the tumor
arises from the poral epithelium.
The present investigation revealed a striking
similarity of the tumor cells to those of the
adult acrosyringium in regard to their histo-
chemical reactivity. On electron microscopic
examination, however, the tumor cells only re-
sembled the cells of the basal layer, the outer
ductal cells of the adult epidermal sweat duct
ridge, and the cells of the embryonic acro-
syringium.
I. HISTOCHEMICAL STUDIES
Sanderson and Ryan (10) recently have re-
ported the activity of several enzymes in cc-
crine poroma, including amylophosphorylase.
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Prior to this report, it had only been known
that the tumor contained considerable amounts
of glycogen.
MATERIALs AND METHODS
A 75 year-old male, born in Italy, presented on
the skin overlying the lateral aspect of the left
fifth metatarsophalangeal joint a flesh-colored,
slightly elevated tumor, measuring 2.0 )< 1.5 cm
in diameter. The lesion had been present for
several years. A biopsy specimen revealed the le-
sion to be an eccrine poroma. The clinical and his-
tologic aspects of this case have been reported else-
where (9). Normal-appearing skin of the sole
surrounding the tumor was excised simultaneously
and thus was available for control studies.
The following staining methods were employed:
for the periodic acid-Schiff reaction, Coleman's
Feulgen reagent (11); for amylophosphorylase,
branching enzyme, UDPG-pyrophosphorylase and
UDPG-glycogen transferase, the stains of Takeuchi(12); for succinic dehydrogenase, the stain of
Ogawa and Zimmerman (13); for malic dehy-
drogenase, the stains of Nachlas and coworkers
(14); for the acid and alkaline phosphatases, the
stains of Gomori (15) and Burstone (16). In ad-
dition to the non-specific acid and alkaline phos-
phatases, inosine diphosphatase (IDP) and thi-
amine pyrophosphatase (TPP) were studied using
the methods of Essner and Novikoff (17) since
these two enzymes are present in the rough and
the smooth surfaced endoplasmic reticulum, both
of which were found in abundance in the tumor
cells by electron microscopy. For all these stains
unfixed frozen sections were cut in a cryostat at
7 .t. Substrate-free media and specific inhibitors
were used as control for each stain.
RE5TJLTS
The results are summarized in Table I. These
results show clearly that the tumor cells al-
ways demonstrated the same type and intensity
of enzymatic reactions as the intracpidcrmal
eccrine sweat duct and different reactions from
those of the surrounding epidermis (Figs. 1 and
2).
II. ELECTRON MICROSCOPIC STUDIES
MATERIALS AND METHODS
The same specimens were used as in the his-
tochemical studies. In addition, a piece of skin
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TABLE I
Epidermis Tr Duct in Tumnr (epidermal and dermal)
PAS
Diastase and PAS
Mid-squamous
layer
Other layers
All layers
(+)
(—)
(—)
(+++)
(—)
Ductal Wall
Cuticle
Ductal Wall
Cuticle
(+++)
(+++)
(—)(+++)
Ductal Wall
Cuticle
Duetal Wall
Cuticle
(+)
(++)
(—)(++)
Amylophosphoryl- All layers (—) (+++) Duetal Wall (+++) Ductal Wall (+++)
ase Cuticle (—) Cuticle (—)
Branching enzyme All layers (—) (+++) Duetal Wall
Cuticle
(+++)
(—)
Duetal Wall
Cuticle
(+++)
(—)
UDPG-pyrophos- Cranular layer (+) (—) Ductal Wall (—) Duetal Wall (—)
phorylase Other layers (—)
IJDPG-glyeogen (—) Ductal Wall (—)
transf erase
Sueeinic dehydro- All layers (+) (+++) Duetal Wall (+++) Ductal Wall (+++)
genase Cuticle (±) Cuticle (±)
Malie dehydrugen- All layers (+) (+++) Duetal Wall (+++) Duetal Wall (++-1-)
ase Cuticle (±) Cuticle (±)
Acid phosphatase Cranular layer
Other layers
(++)
(—)
(+) Ductal Wall (±) Ductal Wall (±)
Alkaline phospha- All layers (+) (—) Ductal Wall (—) Duetal Wall (—)
tase
IDP (±)
TPP (±)
taken from the sole of a human white male
embryo, approximately 22 weeks old was used.
Small tissue blocks one to five millimeters in
length were fixed for one hour in 1% osmie acid
solution buffered with veronal and adjusted to
physiologic osmolarity by adding sucrose (18).
The tissue blocks were dehydrated by exposure to
increasing concentrations of alcohol and pro-
pylene oxide and then embedded in Araldite.
Sections, 500—600 A thick, were cut with a Ge-Fe-
Ri diamond knife in an LKB Tiltrotome. Some
sections were incubated with human saliva at
room temperature for 30 minutes prior to fixation
in osmie acid. The sections were stained for
glycogen with either lead citrate of Reynolds (19),
lead hydroxide of Karnowsky (20), or lead hydrox-
ide of Millonig (21). Some sections were re-stained
with either 1% aqueous solution of uranyl acetate
or 1% phosphotungstic acid in absolute alcohol
in order to increase the general contrast, especially
of the basement membrane and of the tonofibrils.
Sections incubated with saliva were stained in the
same manner. The sections were examined with an
RCA EMU-3G electron microscope.
RESULTS
Tumor Cells. The tumor was composed of
round and polygonal cells, quite uniform in
size. The plasma membranes were elaborately
convoluted and the folds of adjacent tumor
cells interdigitated. Many of these folds did not
possess desmosomal attachment plaques. When
tissue was fixed in slightly hypertonic solution5
intercellular spaces were exaggerated and the
folds or cytoplasmic projections appeared as
pseudovilli (Fig. 3). Five characteristics dis-
tinguished these cells from epidermal squamous
cells of the adult skin: (1) Mitochondria were
seen in greater abundance; (2) a well-devel-
oped smooth and rough-surfaced endoplasmie
reticulum was present; (3) the amount of tono—
fibrils was small; (4) a pcrinuclear clear zone
surrounded by a band of interwoven tonofibrils
was prominent; and (5) there were usually abun-
dant amounts of glycogen. When the amount of
glyeogen was large, it masked other components.
After digestion with saliva most of the glycogen
had disappeared. In this way, the smooth and
rough-surfaced endoplasmie reticulum was re-
vealed to be present in abundance (Fig. 4). The
smooth-surfaced variety of endoplasmic reticu-
lum was recognizable as variably-sized vesieles
or vacuoles. The possibihty that some of the
large vacuoles represented digested mitochon—
dna was considered. However, the presence
of numerous intact mitoehondria rendered this
supposition unlikely (Fig. 4). Dense lipid bodies
were occasionally seen (Fig. 3).
In the tumor strands, ductal structures were
often encountered. Three distinct varieties of
ducts could be identified. One type of duct pos-
sessed a lumen surrounded by many columnar
cells (Fig. 5). Tbcse cells were connected with
each other by desmosomes and by very prom-
inent terminal bars near the luminal border.
Surrounding the columnar cells was a variable
number of layers of polygonal cells morpholog-
ically identical to the cells described above as
constituting the mass of the tumor (Fig. 5).
When a lumen was found in a tumor strand
extending into the dermis, the peripheral cells
of the strand were limited by a continuous base-
ment membrane. The overall configuration of
these ducts was similar to that of the mature
intradermal eccrine sweat duct segment nearest
to the epidermis (22).
Fm. 2. The reaction for amylophorylase and
branching enzyme ceases rather abruptly where the
tumor strands meet the rete ridges. (X 225)
The second type of duct frequently pos-
sessed a lumen located intracellularly (Fig. 6).
This type of intracellular lumen is only seen
during the formation of the intracpidermal
eccrine sweat duct lumen in the embryo (23,
24) (Fig. 7). The third type of duct showed
lumens similar to those found in mature cc-
crine sweat duets (22) (Fig. 8). Numerous
microvilli projected into the lumens of the
second and the third types of ducts and just
beneath these microvilh was a dense band of
tonofibrils (Figs. 6, 8). Occasionally, desqua-
mated cells were also found within these
lumens (Fig. 6). Numerous secretory vesiclcs
were seen in the lumens.
The lumen surrounded by columnar cells
was predominantly found in tumor strands deep
in the dermis. The intracellular lumen was
primarily found in the upper dermis and super-
ficial layers of the tumor. The glycogen content
of the cells lining both types of lumen was
scanty. The glycogen content was usually
greater in cells located at the periphery of the
tumor strands rather than the cells immedi-
ately surrounding the lining cells of the lumen
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Fro. 1. The intradermal portion of a sweat duct
is seeo merging with the tumor. A strong reaction
fijr amylphosphorylase and branching enzyme is
scen both in the duct and in the tumor. (X 267)
v
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Fio. 3. Tumor Cells are round or polygonal in shape and possess a number of pseudo-villi
(V), some with desmosornes (B). Only a small amount of tonofibrils (T) is present in the
form of a hand surrounding the perinuelear clear zone (e). d: dense lipid bodies. G: glyco-
gen particles. M: mitoehondria. N: nucleus. n: nucleolus. Stained with Reynolds' lead
citrate and uranyl acetate. (X 5,600)
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Fia. 4. Tumor cells after digestion with saliva reveals abundant smooth-surfaced (s) and
rough-surfaced (r) endoplasmic reticulum. Glycogen particles (G) remain undigested in
several areas. Intact mitochondria (M) are present. N: nucleus. Stained with Reynolds' lead
citrate and phosphotungstic acid. (X 11,360)
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FIGS. 5—8
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Fm. 9. Adult acrosyrin peal lumen in the upper squamous layer is surrounded by several
layers of keratinized horny cells (h). Outer cells (0) and surrounding squamous cells (S)
are undergoing keratinization and contain keratohyalin granules (k). Stained with Reynolds'
lead citrate and uranyl acetate. (X 4,480).
(Figs. 6, 8). In the upper portion of the tumor
mass, near the surface, the amount of tono-
fibrils gradually increased, keratohyalin gran-
ules appeared and ultimately the tumor cells
underwent complete keratinization. As tumor
cells underwent keratinization the glycogen con-
tent decreased.
Adult Acrosyringium. Cross-sections of adult
intraepidermal sweat duct units from the stra-
tum corneum to the tip of the epidermal sweat
duct ridge were studied (Figs. 9, 10).
In the stratum corneum, the cells of the
eccrine sweat duct were indistinguishable from
the other keratinized cells of the epidermis.
At the level of the granular layer of the sur-
rounding epidermis, the lumen of the sweat
duct was surrounded by a keratinizing epithe-
hum, as Kuno (25) and Zelickson (26) have
shown. The process of keratinization was similar
to that of the normal surface epidermis except
for the absence of transitional cells (T-cells)
(27). Lining the lumen of the sweat duct were
9 to 12 layers of homogeneously dense, kera-
tinized cells with corrugated surfaces connected
with one another by desmosomes.
In the upper squamous layer of the epidermis
there were only a few layers of horny cells
surrounding the lumen. The innermost layer of
horny cells appeared ragged and vesiculated due
to a patchy loss of electron density. The cells
next to the horny layers showed an oval or
oblong nucleus, abundant tonofibrils and kera-
tohyalin granules (Fig. 9). They could not be
differentiated from cells in the granular layer of
the surface epidermis. These granular ductal
cells were surrounded by the regular squa-
mous cells of the surface epidermis. In other
words, in the upper squamous layer, the transi-
tion into kcratinized cells of the squamous cells
surrounding the duct seemed to take place in
Fm. 5. Luman (L) in tumor strand is surrounded by columnar cells connected by termi-
nal bars (T) at the luminal border. Tumor cells with abundant mitochondria (M) and small
amount of tonofibrils (t) surround the glandular cells, Stained with pbosphotungstic acid.
(X 1,136)Fm. 6. Tumor lumens are lined by numerous small villi and contain many small vesicles.
One of these lumens contains desquamated inner cells (I). The other lumen is located intra-
cellularly. Peripheral to the luminal (inner) cells typical tumor cells laden with glycogen
particles (G) are seen. Stained with Reynolds' lead citrate and uranyl acetate. (X 2,840)
Fm. 7. Embryonic intraepidermal eccrine duct in the process of formation reveals the same
characteristics as described for the tumor lumens (Fig. 6) that is, the lumens are intracellular,
lined by numerous small microvilli (V) and contain vesicles. md: multivesicular dense bodies.
N: nucleus of inner cell. Stained with uranyl acetate. (X 3,976)
Fm. 8. Tumor lumen is surrounded by mature inner cells (I) and tumor cells with abundant
glycogen (C) and mitochondria (m). Stained with Reynold's lead citrate and uranyl ace-
tate. (X 2,540)
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FIG. 10. Sweat duct ridge of normal adult .sole shows villous luminal surface (v) of the
inner cell (I) which contains heavily interwoven network of tonofibrils (T). Although the
outer cells (0) contain more tonofibrils than the surrounding basal cells (B), they appear
essentially similar. Resemblance to the tumor cells (cf. Fig. 3) is striking. D: desmosome.
N: nucleus. Re: endoplasmic reticulum. V: pseudovilli. Stained with Reynolds' lead citrate
and phosphotungstic acid. (X 10,920)
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a manner very similar to that of the surface
epidermis, except for the presence of the vesieu-
lated luminal border. The content of glycogen
in the cells of the aerosyringium in the upper
epidermis was minimal.
In the lower epidermis, the cells surrounding
the lumen (inner cells) showed some differ-
ences from the surrounding epidermal cells. The
inner cells presented numerous cytoplasmic
projections or mierovilh along the luminal
border. These mierovilli were coated with a
fuzzy, moderately electron dense substance which
on higher magnification was seen to be fila-
mentous in nature. These luminal structures
were very reminiscent of those lining the lumens
found in the tumor. Surrounding the inner cell
was a layer of cells with less dense cytoplasm, a
well-developed smooth and rough-surfaced
endoplasmic reticulum, abundant glycogen,
numerous mitoehondria and a prominent pen-
nuclear clear zone surrounded by a band of in-
terwoven tonofibrils. Thus, the ductal cells in
the lower squamous layers began to resemble
the cells of the tumor except for keratohyalin
granules which had already appeared in the
outer cell and the glycogen content which,
though abundant, was not equal to that in the
tumor cells.
In the sweat duct ridge extending into the
dermis the ductal wall was composed of inner
cells morphologically identical to inner cells
of the lower squamous layers, two to three
layers of intermediate cells and the basal cells.
The basal cells were continuous with the basal
cells of the epidermis. These basal cells and in-
termediate cells resembled the tumor cells
greatly since in addition to those characteristics
described above for the outer cells in the lower
squamous layers, they usually contained a large
amount of glyeogen and no keratohyalin gran-
ules (Fig. 10). A more detailed description of
the intraepidermal eeerine sweat duct is given
elsewhere (22, 24).
Acrosyringium of Human Embryo. Cross-
sections of the aerosyringium of embryo sole
skin (Fig. 7) revealed the following differences
from the adult aerosyringium: (1) The micro-
villous projections of the inner cells at the
luminal border were pronounced and continued
to be present up to the granular layer; (2)
keratohyalin granules were absent both in the
inner cell and in the outer cell until the upper
squamous layer was reached; (3) abundant
amounts of glycogen particles were found in the
cytoplasm either in clusters or in dispersed
forms, especially in the outer cell; and (4)
mitoehondria and endoplasmic reticulum were
present in abundance, and occasionally, multi-
vesicular dense bodies, probably representing
lysosomes, were present (24). The tumor cells
showed great resemblance to the embryonal
aerosyringial cells at the level of the basal and
squamous cell layers in that they contained no
keratohyalin granules but contained abundant
amounts of glycogen, mitochondria and endo-
plasmie reticulum.
DIsCUsSION
Histoehemieal studies performed in the
present investigation support the origin of the
tumor from the aerosyringium, inasmuch as the
tumor showed a strong reaction to amylophos-
phorylase and to the branching enzyme, which
in normal skin are present in significant amounts
only in the hair follicle and in ecerine sweat
gland secretory segments and duets, including
the aerosyringium. Further amylophosphorylase
activity was found in the eeenine sweat gland
anlage of the human embryo (28).
Glycogen formation from glucose is quite ac-
tive in the tumor, as shown by the high activi-
ties of amylophosphorylase and of the branch-
ing enzyme. Another possible pathway of the
glyeogen synthesis, that is, through UDPG-
pyrophosphorylase and UDPG-glueose trans-
ferase, seems to be inactive. The final stage of
glyeogen utilization, namely aerobic glyeolysis,
was not disturbed in view of the increased
activities of the sueeinie and malic dehydrogen-
ases. The pathway of glyeolysis in this tumor,
however, is not clear. Although non-specific
alkaline and acid phosphatase were either
negative or only slightly reactive in this tumor,
this does not necessarily indicate a deficiency
in certain specific phosphatases essential for the
break-down of glyeogen such as glueose-6-
phosphatase. Unfortunately, tissue was not
available to study whether or not there was any
deficiency in glueose-6-phosphatase or in the
debranehing enzyme, such as exists in glyeogen
storage disease. However, the accumulation of
the glyeogen seems to be best explained by
considering the tumor cells as immature
squamous cells.
The typical tumor cells of poroma on ex-
amination with the electron microscope showed
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no similarity to the cells of the adult poral
epithelium above the level of the lower squa-
mous layer, but showed some resemblance to
the odult poral epithehum in the basal layer
and a great resemblance to that in the sweat
duet ridge. The resemblance was even more
striking to the embryonic poral epithelium be-
low the level where keratohyalin granules ap-
peared. Some tumor cells, however, underwent
complete keratinization in the upper portion of
the tumor mass and others formed lumen. These
facts indicate that the tumor cells represent
young squamous cells with ability to differen-
tiate either into ductal cells to form a lumen or
into keratinizing cells similar to epidermal cells.
It remains a controversial subject (24) whether
the inner cell and the outer cell of the acro-
syringium belong to a biologically independent
unit within the epidermis (29) and keratinize
independently in the upper epidermis or if the
inner cell is a mature outer cell which in turn
has differentiated from the surrounding epi-
dermis. It would appear that the young cells in
the basal layer and in the sweat duct ridge of the
adult acrosyringium retain pluripotentiality,
comparable to that of early embryonic sweat
duct germ cells (29), either to differentiate into
inner cells to form lumen or to become squa-
mous cells and undergo keratinization and that
the ecerine poroma arises from this type of
pluripotential cells.
The three layers of ductal epithelium as de-
scribed by the hght microscope (1), that is,
cuticle, luminal cell, and poral epithebum, on
electron microscopic examination represent
microvilli with a fuzzy filamentous coat, one
layer of inner cells and one layer of outer cells
with probably a few more layers of the sur-
rounding squamous cells. They all keratinize in
the upper epidermis. The PAS-positive, dia-
stase-resistant substance observed in the "cuti-
cle" by light microscopy probably represents
acid mucopolysaccharides. The recent finding
that the extraneous coating of the microvilli is
in reality composed of a very fine meshwork of
filaments (22, 30) and that the PAS reaction
and alcian blue stain are restricted to this zone
(30) suggest that acid mucopolysaccharides
may be produced here.
According to Porter and Bruni (31), the
smooth form of the endoplasmic reticulum in
the liver cells is involved in glycogenesis and
glycolysis. The presence of abundant amounts
of smooth-surfaced endoplasmic reticulum in
those areas of the eccrine poroma cells where
there was abundant glycogen is in line with
their statement.
SUMMARY
1. In a histochemical study of an cecrine
poroma, the tumor cells showed activities for
amylophosphorylase and branching enzyme but
not for IJDPG-pyrophosphorylase and IJDPG-
glucose transferase. Thus, glycogen synthesis in
this tumor seems to take place through the
former pathway.
2. The PAS-reaction and the activities of
amylophosphorylase, branching enzyme, sue-
cinic and malic dehydrogenases resembled
greatly those of the ecerine sweat duct struc-
tures in the acrosyringium but were quite dif-
ferent from those of the surrounding epidermal
cells.
3. On electron microscopic examination, the
polygonal tumor cells of eccrine poroma were
found to contain abundant amounts of glyco-
gen, of mitochondria and of rough- and smooth-
surfaced endoplasmic reticulum. The centrally
located nuclei were surrounded by a perinuclear
clear zone and a narrow band of interwoven
tonofibrils. The cells possessed well-developed
cytoplasmic projections and were connected
to each other by desmosomes.
4. The tumor cells demonstrated two dis-
tinct tendencies, that is, (1) to form lumen and
(2) to undergo keratinization. In the adult and
embryonic acrosyringium, the outer cells in the
basal layer and in the sweat duct ridge most
resembled the tumor cells. It was concluded
that the eccrine poroma arises from these im-
mature, pluripotential cells of adult acro-
syringium.
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